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XVZLWK WKHDELOLW\ WRXQSDFND ILUPV¶PDQDJHULDOGHFLVLRQSURFHVVHVZLWKUHJDUGV WR
GHWHUPLQLQJWKHRSWLPLVHGLQYHVWPHQWVLQWHFKQRORJ\DQGUHVHDUFKDQGGHYHORSPHQW
DQG ZLWK D SDUWLFXODU IRFXV RQ NQRZOHGJHLQWHQVLYH EXVLQHVV VHUYLFHV .,%6 DQG
FDSLWDOLQWHQVLYHEXVLQHVVVHUYLFHV&,%6













DQG QRQSDUDPHWULF DSSURDFKHV KDYH EHHQ XVHG WR DFFRPPRGDWH WKH FRPSOH[LW\ DVVRFLDWHG








WKH LPSRUWDQFH RI V\VWHPLF HFRQRPLF WKHRU\ UDWKHU WKDQ MXVW PDWKHPDWLFDO WKHRU\ 7KLV LV
LPSRUWDQWWRRSHUDWLRQVPDQDJHUVZKHQIRFXVLQJRQSURGXFWLYLW\PD[LPLVDWLRQDVH[DPLQLQJ
WKHSHUIRUPDQFH±PXOWLQDWLRQDOLW\ UHODWLRQVKLSVJLYHQSRVWLQGXVWULDOHFRQRPLHV¶SURGXFWLRQ
V\VWHPV DUH QRZ EHFRPLQJ LQWHUWZLQHG ZLWK WKH NQRZOHGJH ELJ GDWD DQG LQIRUPDWLRQ








PDUNHW FRQGLWLRQV EXVLQHVV LPSDFWV DQG WKH LPSDFW DQG HIIHFW RI WLPH RQ DFWLYLW\ DQG
SHUIRUPDQFH2SHUDWLRQVPDQDJHUVKDYHKLVWRULFDOO\GHSOR\HGFRPPRQO\DFFHSWHGPHDVXUHV
DQGPHDVXULQJSURWRFROVVXFKDVLQWHOOHFWXDOSURSHUW\SDWHQWV\HWGHVSLWHWKHOLPLWDWLRQVDQG




















&RQWHPSRUDU\ HPSLULFDO UHVHDUFK WKDW VHHNV WR PHDVXUH WKH LPSDFW RI WKH GHJUHH RI
LQWHUQDWLRQDOLVDWLRQ RQ ILUP SHUIRUPDQFH KDV EHHQ UDWKHU LQFRQFOXVLYH ± IRU H[DPSOH
&RQWUDFWRUHWDODQG&RQWUDFWRU+RZHYHUGHVSLWHWKHHPSLULFDOHYLGHQFHRIWKH
SRVLWLYHHIIHFWRILQWHUQDWLRQDOLVDWLRQRQILUPSHUIRUPDQFHIHZHDUO\HPSLULFDOVWXGLHVSURYLGH
HYLGHQFH WKDW LQWHUQDWLRQDOLVDWLRQ KDV QR HIIHFW RQ ILUP SHUIRUPDQFH %XFNOH\ HW DO 
0RUFNDQG<HXQJ2WKHUWKUHDGVRIUHVHDUFKDUJXHWKDWLQWHUQDWLRQDOLVDWLRQKDV
HLWKHUDSRVLWLYHRUDQHJDWLYHOLQHDUUHODWLRQVKLSDVVRFLDWHGZLWKDILUP¶VSHUIRUPDQFH6WXGLHV
KDYH VKRZQ WKDW WKHUH LV D QRQOLQHDU UHODWLRQVKLS ± D 8 RU DQ LQYHUWHG 8VKDSHG IRUP
6SHFLILFDOO\DQXPEHURIVWXGLHVVKRZWKDWWKHFRQQHFWLRQEHWZHHQILUPSHUIRUPDQFHDQGWKH
GHJUHHRIPXOWLQDWLRQDOLW\ FDQEH OLQHDU HJ*UDQW *UDQWHWDO <HW FXUUHQW
WKLQNLQJVXJJHVWVWKDWWKHUHODWLRQVKLSLV8VKDSHG4LDQ5XLJURNDQG:DJQHU
7KHUHLVDOVRDVFKRRORIWKRXJKWWKDWWKHUHODWLRQVKLSIRUPVDQLQYHUWHG8VKDSHGUHODWLRQVKLS
HJ 6XOOLYDQ D E EXW WKLV ZRUN KDV QRW IHDWXUHG H[WHQVLYHO\ LQ FXUUHQW
FRQYHUVDWLRQV LQ WKH DUHD  &RQWUDU\ WR SUHYLRXV ILQGLQJV &RQWUDFWRU HW DO  /X DQG

























GR QRW FDSWXUH WKH WHFKQLFDORSHUDWLRQDO ILUP SHUIRUPDQFH LH WKH SURFHVV LQ ZKLFK WKH\





YDOXH DQG VR IRUWK ± ZKLFK UHIOHFW KRZ WKH\ SHUFHLYH WKH ZRUOG DQG ZKLFK ZKHQ WDNHQ
V\VWHPLFDOO\ LQGLFDWHDYLHZRIDILUP¶VSHUIRUPDQFH&RQWHPSRUDU\UHVHDUFKLQRSHUDWLRQV
PDQDJHPHQW DQG EXVLQHVV HYDOXDWLRQ LQGLFDWHV WKDW WKHVH DFFRXQWLQJ UDWLRV DUH QRW ILW IRU






OHG WR FRQIOLFWLQJ UHVXOWV ZKHQ H[DPLQLQJ WKH LQWHUQDWLRQDOLVDWLRQ DQG ILUP SHUIRUPDQFH
UHODWLRQVKLSVXJJHVWLQJWKHPHWKRGRORJ\DSSURDFKHVXVHGQHHGWREHZLGHQHGDQGUHIUDPHG

2XU UHVHDUFK LV GLIIHUHQW EHFDXVH LW LQYROYHV D UHQHZHG LQYHVWLJDWLRQ RI WKH SHUIRUPDQFH±
PXOWLQDWLRQDOLW\UHODWLRQVKLSE\WDNLQJLQWRDFFRXQWWKHDERYHPHQWLRQHGFULWLFDOLVVXHVDQGE\
SURYLGLQJVXSSRUWLQJHYLGHQFHIRUWKHYDOLGLW\RIWKHWKUHHVWDJHWKHRU\RILQWHUQDWLRQDOLVDWLRQ
DV SURSRVHG E\ &RQWUDFWRU HW DO  7KLV LV WLPHO\ DQG LV RI EHQHILW WR PDQDJHUV DQG




IXQFWLRQW\SH IUDPHZRUN 6SHFLILFDOO\ ZH PHDVXUH VXFK SHUIRUPDQFH E\ HVWLPDWLQJ LWV
WHFKQLFDO HIILFLHQF\ OHYHOV XVLQJ D QRQSDUDPHWULF WHFKQLTXH NQRZQ DV GDWD HQYHORSPHQW






,Q FRQWUDVW WR HDUOLHU VWXGLHV LQYHVWLJDWLQJ WKH LQWHUQDWLRQDOLVDWLRQ±ILUP SHUIRUPDQFH
UHODWLRQVKLS XVLQJ SHUIRUPDQFHDFFRXQWLQJ UDWLRV WKLV SDSHU H[WHQGV DQG HQULFKHV RXU
XQGHUVWDQGLQJRIKRZILUPV¶LQWHUQDWLRQDOLVDWLRQOHYHOVRIWKHLURSHUDWLRQVDIIHFWWKHLUDELOLW\














WKH IHZ H[DPSOHV RI DSSO\LQJ FRVWHIILFLHQF\ PHDVXUHV ZKHQ H[DPLQLQJ WKH HIIHFW RI
PXOWLQDWLRQDOLW\7KLVSDSHUH[WHQGVWKHZRUNRI.DWKXULDHWDODQGFRPSOLPHQWVWKH
ZRUN RI :X DQG %DUQHV  H[SORULQJ SDUWQHUSHUIRUPDQFH LQ WKH VXSSO\ FKDLQ DQG LQ
ORJLVWLFV.RVWHUDQG9DQ1XV7KLVSDSHUDOVRH[WHQGVWKHZRUNRI+VXHWDO





PHWKRGRORJLFDO LVVXHV ZH GHSOR\ D QHZ WLPHGHSHQGHQW FRQGLWLRQDO IURQWLHU PRGHO
0DVWURPDUFR DQG 6LPDU  IROORZLQJ WKH UHFHQW DGYDQFHV DGYRFDWHG E\ %ăGLQ HW DO
 ,Q FRQWUDVW WR WUDGLWLRQDO '($ DSSURDFKHV :LQGRZ $QDO\VLV RU 0DOPTXLVW
3URGXFWLYLW\ ,QGH[ KDQGOLQJ PXOWLSOH WLPH SHULRGV &RRSHU HW DO  WKH SURSRVHG
SUREDELOLVWLF '($ IUDPHZRUN DGRSWHG DOORZV UHVHDUFKHUV DQG HYDOXDWRUV WR FDSWXUH LQ D
G\QDPLF IUDPHZRUN WLPHGHSHQGHQW WKH HIIHFW RI PXOWLQDWLRQDOLW\ LQFRUSRUDWLQJ GLUHFWO\
GLIIHUHQW WLPHSHULRG SKHQRPHQD HJ WKH JOREDO ILQDQFLDO FULVLV LQWR WKH SHUIRUPDQFH
PHDVXUHPHQW$VDUHVXOWWKHDGRSWHGPRGHOLVDEOHWRDGGUHVVGLUHFWO\WKHHVWLPDWLRQLQYROYHG
ZKHQ H[DPLQLQJ WKH UHODWLRQVKLSV EHWZHHQ HIILFLHQF\ DQG SHUIRUPDQFH YLD RUJDQLVDWLRQDO
OHDUQLQJ $VVDI HW DO  0RUHRYHU WKLV DSSURDFK SURYLGHV VHYHUDO XQLTXH PRGHOOLQJ
DGYDQWDJHV ZKHQ H[DPLQLQJ GLUHFWO\ WKH HIIHFW RI PXOWLQDWLRQDOLW\ DFFRPPRGDWLQJ RXU
PHDVXUHPHQWLQERWKWKHILUPV¶HIILFLHQF\OHYHOVWHFKQRORJLFDOFDWFKXSDQGWHFKQRORJLFDO
GLVUXSWLYH FKDQJHV WHFKQRORJLFDO FKDQJHV ZKLFK DUH WKH WZR NH\ PHFKDQLVPV WKDW GULYH
RUJDQLVDWLRQDO SHUIRUPDQFH LPSURYHPHQW %DVHG RQ WKH WUDGLWLRQDO '($ PHWKRGV ZKHQ
KDQGOLQJSDQHOGDWD:LQGRZ$QDO\VLVRU0DOPTXLVW3URGXFWLYLW\,QGH[WKHUHVHDUFKHUQHHGV













WKH HQYLURQPHQWDO IDFWRUV LH PXOWLQDWLRQDOLW\ RQ WKH VKLIW RI WKH IURQWLHU WHFKQRORJLFDO
FKDQJH DQG RQ WKH PRYHPHQWV DORQJVLGH WKH IURQWLHU WHFKQRORJLFDO FDWFK±XS ZLWKRXW
LPSRVLQJDQ\XQUHDOLVWLFDVVXPSWLRQVRQWKHGDWDJHQHUDWLQJSURFHVV

7KH LQWHOOHFWXDO FRQWULEXWLRQ KHUH UHODWHV WR XQSDFNLQJ WKH QRWLRQ WKDW PXOWLQDWLRQDOLW\
FRQWULEXWHVWRWHFKQRORJLFDOFKDQJHVWKURXJKNQRZKRZDQGNQRZZKDWLQRUGHUWREULQJDERXW




7KHILQDOFRQWULEXWLRQRI WKLVSDSHU WRRSHUDWLRQVPDQDJHUV LV WKDWRXUPRGHO LVHPSLULFDOO\
LQIRUPHG YLD D FRPSUHKHQVLYH GDWDVHW ZKLFK H[WHQGV WKH PHWKRGRORJLFDO VKRUWFRPLQJV RI
HDUOLHUVWXGLHV7KHUHVHDUFKVDPSOHFRPSULVHVERWKGHYHORSHGDQGGHYHORSLQJHFRQRPLHVRI
GLIIHUHQWQDWLRQDORULJLQVDVZHOODVGLIIHUHQWVHFWRUDOFKDUDFWHULVWLFVZLWKDSDUWLFXODUIRFXV




+DYLQJ SURYLGHG D V\QWKHVLV RI WKH FXUUHQW \HW VFDUFH FRQYHUVDWLRQV LQ WKH OLWHUDWXUH DQG







RI&DQDGDDQG WKH%XVLQHVV 'HYHORSPHQW%DQNRI&DQDGD ZKLFKDUHEDVHGRQXVLQJ WKH6WDQGDUG ,QGXVWULDO




GHVFULEHV WKH GDWD DQG PHWKRGRORJ\ WKDW KDYH EHHQ GHYHORSHG 7KLV LV IROORZHG E\ WKH
















E\ 81&7$' 7KHVH UHSRUWV LQFOXGH GDWD IURP WKH ODUJHVW WUDQVQDWLRQDO FRUSRUDWLRQV IURP
GHYHORSHGDQGGHYHORSLQJFRXQWULHV























DV ODERXU DQG FDSLWDO $ ILUP¶V PDQDJHULDO HIILFLHQF\ LV PHDVXUHG E\ GHSOR\LQJ D ZHOO
HVWDEOLVKHGPHWKRGRORJLFDODSSURDFKNQRZQDV'($'($LVDPDWKHPDWLFDOSURJUDPPLQJ
WHFKQLTXHWKDWHVWLPDWHVWKHUHODWLYHHIILFLHQF\RISURGXFWLRQXQLWVDQGLGHQWLILHVEHVWSUDFWLFH
IURQWLHUV '($ ZKLFK ZDV LQLWLDOO\ LQWURGXFHG E\ &KDUQHV HW DO  HQFRPSDVVHV WKH
FRQVWUXFWLRQ RI D QRQSDUDPHWULF SLHFHZLVH VXUIDFH LH WKH HPSLULFDO IURQWLHU RYHU WKH
H[DPLQHGGDWD6FRUHVHTXDOWRDUHLQGLFDWHGDVEHLQJWHFKQLFDOO\HIILFLHQWZKHUHDVLIDILUP








E\ 0DVWURPDUFR DQG 6LPDU  WR FDOFXODWH WLPHGHSHQGHQW FRQGLWLRQDO HIILFLHQF\
PHDVXUHPHQWVIRUWKHIXOODQGUREXVWIURQWLHUVVHH$SSHQGL[IRUGHWDLOVRIWKHPHWKRGRORJ\
DGRSWHG,QRXUFDVHWKHWLPHGHSHQGHQWFRQGLWLRQDOHIILFLHQF\PHDVXUHVHQDEOHXVWRHVWLPDWH













<($5RQWKHWZRUDWLRVFRQVWUXFWHGIURPWKHIXOO  4 DQGUREXVW  4D IURQWLHUVZHDUH
DEOHWRDFFRXQWIRUWKHHIIHFWVRIWLPHDQGPXOWLQDWLRQDOLW\RQILUPV¶HVWLPDWHGSHUIRUPDQFHV
ZLWKRXW DVVXPLQJ DQ\ IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH H[DPLQHG YDULDEOHV 7KHUHIRUH
KDYLQJDILUP¶V L DWWLPH W ZHFDQHVWLPDWHWKHIROORZLQJQRQSDUDPHWULFUHJUHVVLRQV

  LW W LW LW4 P 7,0( 08/7, X        




WKH ILUP +RZHYHU WKH VHFRQG UHJUHVVLRQ HTXDWLRQ  VHHNV WR PHDVXUH WKH HIIHFW RI
PXOWLQDWLRQDOLW\DQGWLPHRQWKHGLVWULEXWLRQRIILUPV¶HIILFLHQFLHV$QLQFUHDVLQJUHJUHVVLRQ























WRWDO TXDQWLWLHV RI HPSOR\HHV RI IL[HG DVVHWV DQG RI VDOHV LQ RUGHU WR FDOFXODWH ILUPV¶
HIILFLHQFLHVOHYHOV6LQFHWKHILUPVLQRXUVDPSOHKDYHDKLJKIRUHLJQH[SDQVLRQZHREVHUYH
WKLVKHWHURJHQHLW\RYHUDOOKDVDQHJDWLYH LPSDFWRQ WKHLUHIILFLHQF\ OHYHOV WKLVHIIHFWEHLQJ
DSSDUHQW DIWHU UDWKHU WKDQ EHIRUH  :KHQ ORRNLQJ DW VXEILJXUH E WKH UHVXOWV DUH OHVV
VHQVLWLYHWRILUPVWKDWDFWDVSRWHQWLDORXWOLHUVKRZHYHUDJDLQWKHIOXFWXDWLRQLQWKHHVWLPDWHG
SHUIRUPDQFHPHDVXUHGXULQJWKHSHULRGRI*)&LQLWLDWLRQFDQEHFOHDUO\REVHUYHGDFFRPSDQLHG
E\ D IOXFWXDWLRQ LQ 2UGHUĮ¶V VWDQGDUG GHYLDWLRQ YDOXHV ,Q ERWK FDVHV WKLV IOXFWXDWLRQ





)LJXUH  LOOXVWUDWHV WKH HIIHFW RI WLPH DQG PXOWLQDWLRQDOLW\ RQ ILUPV¶ HIILFLHQF\ OHYHOV DQG
WHFKQRORJLFDOFKDQJHV6SHFLILFDOO\VXEILJXUHVDFDQGHH[DPLQHWKHHIIHFWRIWLPHDQG











HIIHFWEHFRPHVSRVLWLYH7KLV LPSOLHV WHFKQRORJLFDOFKDQJHJDLQVGXH WR WKHEHQHILWV OLQNHG
ZLWKILUPV¶LQWHUQDWLRQDOH[SDQVLRQ)LQDOO\IRUDKLJKHUGHJUHHRIPXOWLQDWLRQDOLW\±WKDWLV














EHQHILWV OLQNHG ZLWK ILUPV¶ LQWHUQDWLRQDO H[SDQVLRQ )LQDOO\ IRU D KLJKHU GHJUHH RI
PXOWLQDWLRQDOLW\±WKDWLVJUHDWHUWKDQ±WKHHIIHFWRIPXOWLQDWLRQDOLW\RQILUPV¶WHFKQLFDO
HIILFLHQF\OHYHOVLVQHJDWLYH7KLVPHDQVWKDWILUPVZHUHRYHULQWHUQDWLRQDOLVHGZLWKLQFUHDVHG







(YHQ WKRXJK ZH DUH FRPSDULQJ WKH ODUJHVW PXOWLQDWLRQDOV RXU VDPSOH FRQWDLQV ILUPV IURP












 OHYHO +RZHYHU IRU LQWHUQDWLRQDOLVDWLRQ OHYHOV RI  WR  WKH HIIHFW EHFRPHV


SRVLWLYH ZKHUHDV IRU PXOWLQDWLRQDOLW\ OHYHOV JUHDWHU WKDQ  WKH HIIHFW EHFRPHV QHJDWLYH
DJDLQ

,Q FRQWUDVW WR WKH FDVHRI&,%6ZHFDQREVHUYH WKDW WKH HIIHFWRIPXOWLQDWLRQDOLW\RQ WKHLU
WHFKQRORJLFDOFKDQJHVXEILJXUHHDQGWHFKQRORJLFDOFDWFKXSVXEILJXUHIOHYHOVIRUPVD
µ8¶VKDSH UHODWLRQVKLS 7KLV LQ WXUQ VXJJHVWV WKDW IRU WKH LQLWLDO VWDJHV RI LQWHUQDWLRQDO
H[SDQVLRQILUPVIDFHQHJDWLYHUHWXUQVRQWKHLUWHFKQRORJLFDOFKDQJHVDQGWHFKQRORJLFDOFDWFK
XS OHYHOV XS WR DFHUWDLQPXOWLQDWLRQDOLW\ OHYHO+RZHYHU DIWHU WKDWSRLQW ILUPVH[SHULHQFH
SRVLWLYH UHWXUQV ,W LV HYLGHQW WKDW IRU &,%6 WKH WXUQLQJ SRLQWV DUH GLIIHUHQW IRU H[SORLWLQJ
WHFKQRORJLFDOFKDQJHDQGWHFKQRORJLFDOFDWFKXSJDLQV7KHUHVXOWVVXJJHVWWKDWWKHFDWFKXS















YDOLGDWHG WKH WKUHHVWDJH K\SRWKHVLV RI PXOWLQDWLRQDOLW\ DV LQWURGXFHG E\ &RQWUDFWRU HW DO
:H IXUWKHUH[WHQGHGRXUDQDO\VLVE\SURYLGLQJ IRU WKH ILUVW WLPHHYLGHQFH WKDW WKH
WKUHHVWDJHK\SRWKHVLVLVYHULILHGIRUWKHFDVHRI.,%6ZKHUHDVDµ8¶VKDSHGUHODWLRQVKLSLV



















HYLGHQFHG E\ RXU UHVHDUFK EHWZHHQ LQYHVWPHQW DQG UHWXUQ  ,QGHHG PDQ\ KDYH VHHQ OLWWOH
LPSURYHPHQWLQSURGXFWLYLW\SHUIRUPDQFHLQUHFHQW\HDUVGHVSLWHWKHQHZRSSRUWXQLWLHVRIIHUHG
E\ JOREDOLVDWLRQ DQG QHZ WHFKQRORJLHV HVSHFLDOO\ WKH LQIRUPDWLRQ DQG FRPPXQLFDWLRQ




VWUDWHJLHV)LUVWO\PXOWLQDWLRQDOLW\KDV WREHDGRSWHGDVDQ LQWHJUDOPDQDJHULDOVWUDWHJ\ WKDW
LPSURYHVILUPSHUIRUPDQFHDVRXUUHVHDUFKVXJJHVWVSHUIRUPDQFHFDQEHHQKDQFHGWKURXJK
WHFKQRORJ\EDVHG LQYHVWPHQWV6HFRQGO\ZHKDYHYHULILHGSUHYLRXVILQGLQJVVXJJHVWLQJ WKH
H[LVWHQFH RI GLIIHUHQW IRUPV RI WKH PXOWLQDWLRQDOLW\±SHUIRUPDQFH UHODWLRQVKLS :H KDYH
FRQILUPHG WKDW PXOWLQDWLRQDOLW\ LV HIIHFWLYH EXW PDQDJHUV IDFH WKH SUREOHP RI ILQGLQJ WKH
RSWLPDOGHJUHHRIPXOWLQDWLRQDOLW\GXHWRDVLJPRLGW\SHRILQWHUQDWLRQDOLW\7KLUGO\WKHEHQHILW
RI PXOWLQDWLRQDOLW\ LV QRW UDSLGO\ H[KDXVWHG 7KLV DOORZV PDQDJHUV WR DGRSW UHODWLYHO\
DJJUHVVLYH VWUDWHJLHV IRU DFKLHYLQJDQ DSSURSULDWH OHYHORIPXOWLQDWLRQDOLW\ ,QRWKHUZRUGV
PDQDJHUVFDQDIIRUGWRDGRSWDORQJWHUPH[SDQVLRQSODQWRHQVXUHWKH\FRQWULEXWHWRWKHORQJ
WHUP ILQDQFLDO VXVWDLQDELOLW\ RI WKH ILUP $ YHU\ JUDGXDO GHFOLQH LQ ILUP SHUIRUPDQFH DIWHU
DFKLHYLQJWKHILUVWVWDJHRIPXOWLQDWLRQDOLW\VKRXOGOHDGWRDFKDQJHRUUHGXFWLRQLQWKHGHJUHH
RIPXOWLQDWLRQDOLW\2XU ILQGLQJV FRQILUP WKDW WKHGHFOLQH LV RQO\ D WHPSRUDU\ HYHQWEHIRUH

















UHYHUVLEOH LQQDWXUHRUZKDWZHFRLQDV µEHLQJDEOH WRSOD\ LQXQVWUXFWXUHGEURNHQSOD\¶ WR
HQFRXUDJHRUJDQLVDWLRQDOSHUIRUPDQFHEXWEHLQJDEOHWRHQDFWJRYHUQDQFHDWWKHULJKWWLPHDW
WKH ULJKW SODFH WR WKH ULJKW WHFKQRORJLFDO LQQRYDWLRQ WR HQVXUH PD[LPLVDWLRQ RI UHWXUQ DQG
ZHOOEHLQJWRWKHILUP

0DQ\ TXHVWLRQV UHPDLQ )RU H[DPSOH ZKDW DUH WKH IDFWRUV LQ WKH ILUP¶V HQYLURQPHQW WKDW
HQFRXUDJH VXFK LQQRYDWLYH DFWLYLW\" +RZ LV DJJUHJDWH SURGXFWLYLW\ LQIOXHQFHG E\ WKH
LQQRYDWLYH DFWLYLWLHV RI LQGLYLGXDO ILUPV" 7KLV LPSOLHV WKDW VWXG\LQJ RYHUDOO SURGXFWLYLW\
LPSDFWVUHTXLUHVDQH[DPLQDWLRQRIDJJUHJDWHGDWDDVZHOODV WKHHYLGHQFHVXUYH\HGKHUH
*LYHQWKHµWLSSLQJSRLQW¶HIIHFWH[SORULQJWKHILUPVUHVLOLHQFHZKLFKLVQRWQHZLQLWVHOIEXW













PRUH PHDQLQJIXO FRPSDULVRQV RI WKH SHUIRUPDQFH RI GLIIHUHQW ILUPV RSHUDWLQJ LQ GLIIHUHQW
VHFWRUV DQG JHRJUDSKLFDO UHJLRQV 7KLV VXJJHVWV D PRYH WRZDUGV LQFUHDVHG SXEOLFDWLRQ RI
³SHUIRUPDQFHLQIRUPDWLRQ´WKDWLVFRPSDWLEOHFRPSDUDEOHDQGXVHIXODQGDVVXFKVKRZVWKH
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+RQGD 0RWRU &R /WG +XWFKLVRQ :KDPSRD /WG +\XQGDL 0RWRU &RPSDQ\ ,%0 ,QEHY
-RKQVRQ	-RKQVRQ.UDIW)RRGV,QF/DIDUJH6$/*(OHFWURQLFV,QF/LEHUW\*OREDO,QF
/LQGH $* /9PK 0RsW+HQQHVV\ /RXLV 9XLWWRQ 6$ 0DUXEHQL &RUSRUDWLRQ 0DWVXVKLWD






6$ 7KRPVRQ &RUSRUDWLRQ 7K\VVHQNUXSS $* 7RWDO )LQD (OI 7R\RWD 0RWRU &RUSRUDWLRQ







&RXQWU\ 1XPEHURIILUPV ,QGXVWU\ &ODVVLILFDWLRQ
1XPEHU RI
ILUPV
$XVWUDOLD  %HYHUDJHV &,%6 
&DQDGD  %XVLQHVVVHUYLFHV .,%6 
&KLQD  &KHPLFDOV .,%6 
)LQODQG  &RQVWUXFWLRQPDWHULDOV &,%6 
)UDQFH  &RQVXPHUJRRGVEUHZHUV &,%6 
*HUPDQ\  'LYHUVLILHG .,%6 
+RQJ.RQJ&KLQD  (OHFWULFDODQGHOHFWURQLFHTXLSPHQW .,%6 
,UHODQG  (OHFWULFLW\JDVDQGZDWHU &,%6 
,WDO\  )RRGEHYHUDJHVDQGWREDFFR &,%6 
-DSDQ  ,QGXVWULDOWUXFNVWUDFWRUVWUDLOHUVDQGVWDFNHUV &,%6 
5HSXEOLFRI.RUHD  'HDOHUVRIOXPEHUDQGRWKHUEXLOGLQJPDWHULDOV &,%6 
0DOD\VLD  /X[XU\JRRGV &,%6 
0H[LFR  0DFKLQHU\DQGHTXLSPHQW .,%6 
1HWKHUODQGV  0HGLD .,%6 
1RUZD\  0HWDODQGPHWDOSURGXFWV &,%6 
6LQJDSRUH  0LQLQJDQGTXDUU\LQJ &,%6 
6SDLQ  0RWRUYHKLFOHV .,%6 
6ZHGHQ  1RQPHWDOOLFPLQHUDOSURGXFWV &,%6 
6ZLW]HUODQG  3HWUROHXPH[SOUHIGLVWU &,%6 
8QLWHG.LQJGRP  3KDUPDFHXWLFDOVFKHPLFDOV .,%6 
8QLWHG6WDWHV  3ULQWLQJDQGSXEOLVKLQJ &,%6 
  5HVWDXUDQWV &,%6 
  5HWDLO &,%6 
  7HOHFRPPXQLFDWLRQV .,%6 
  7REDFFR &,%6 
  7UDQVSRUWDQGVWRUDJH &,%6 
  7UDQVSRUWHTXLSPHQW &,%6 
  :DWHUVXSSO\ &,%6 









IHDVLEOH LQSXWV DQG RXWSXWV Ȱ ൌ ൛ሺݔǡ ݕሻ א Թା௣ା௤หݔܿܽ݊݌ݎ݋݀ݑܿ݁ݕൟ FDQ EH FKDUDFWHUL]HG E\Ȱ ൌ ൛ሺݔǡ ݕሻ א Թା௣ା௤หܪ௑ǡ௒ሺݔǡ ݕሻ ൐  ?ൟ  ZKHUH ܪ௑ǡ௒ሺݔǡ ݕሻ ൌ ܲݎ݋ܾሺܺ ൑ ݔǡ ܻ ൒ ݕሻ 7KHQ WKH
RXWSXWRULHQWHGXQFRQGLWLRQDOWHFKQLFDOHIILFLHQF\OHYHORIDILUPRSHUDWLQJDWሺݔǡ ݕሻOHYHOFDQ




FRQGLWLRQDOSUREDELOLW\ܪ௑ǡ௒ȁ௓௧ ሺݔǡ ݕȁݖሻ ൌ ܲݎ݋ܾሺܺ ൑ ݔǡ ܻ ൒ ݕȁܼ ൌ ݖǡ ܶ ൌ ݐሻ   $
7KHQWKHFRQGLWLRQDOWLPHGHSHQGHQWRXWSXWRULHQWHGWHFKQLFDOHIILFLHQF\PHDVXUHRID
PXOWLQDWLRQDO ILUP RSHUDWLQJ DW ሺݔǡ ݕሻ א Ȱ௧௭ OHYHO DW WLPH ݐ IDFLQJ WKH FRQGLWLRQVݖ FDQ EH
GHILQHGDV
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ZKHUHܵ௒ȁ௑ǡ௓௧ ሺݕȁݔǡ ݖሻ ൌ ܲݎ݋ܾሺܻ ൒ ݕȁܺ ൑ ݔǡ ܼ ൌ ݖǡ ܶ ൌ ݐሻ
)LQDOO\ E\ IROORZLQJ 'DRXLD DQG 6LPDU  WKH XQFRQGLWLRQDO DQG WKH WLPHGHSHQGHQW
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ZKHUH ࣤሺ݅ǡ ݐሻ ൌ ൛݆ ൌ ሺ݅ǡ ߭ሻȁݖ െ ݄௭ ൏ ݖ௜ǡజ ൏ ݖ ൅ ݄௭Ǣ ݐ െ ݄௧ ൏ ߭ ൏ ݐ ൅ ݄௧ൟ DQG ݄௭݄௧ DUH WKH
DSSURSULDWHEDQGZLGWKVEDVHGRQWKHGDWDGULYHQPHWKRGLQWURGXFHGE\%ăGLQHWDO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)RU WKH DGGLWLRQDO XQFRQGLWLRQDO DQG FRQGLWLRQDO HVWLPDWRUV RI WKH 2UGHUĮ PHDVXUHV WKH
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